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iBSTRACT

A rapid, method for, the determination of Sulfulc ig descrilbed. The

method is. applicable- to the sulfate, ion formied'fo llowing ,an. oxygen flaskpI

combustion- procedure.. The oercentage of sulfur Ais detei~ained by -titrating

the_ sulfate ion with ,barium perchiorate using a-compleigidctr

thoiifto detet~t the end-point. Compounds coatiaininj carbon6, hydrodgeni'

nitrogen, chlorine and- sulfur. 'were -successfully, analyzed.
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KThe- Hicrochemica!' Gtroup- of the 'Ana~yUical. Branchi' has- adapted ,the -method,

of J. S. Fri ahd- . Q. rb eland (Ref erencee 1.) fior-the' dettrmifnation of

sulfurk in organic cbmpoutds The procedure iqvblvs the, cb bustilo-n bf .the,

sulfuir compounid '(n at tchoniger flAask, and -the titratioh. of "thb, slfkatiae ion

formed" with 'bariu ft& erchlorAtE,. using, a, c-dmplexitg idicator to'etect the

Barium Oirchloirate: (aker tDesib,1oralI) or G. F. :Smith, 0,.O61 ~ar

Isopropyl Alcohol:' d. 't. keagent

Tho rin: o-(-yroy3,,-disulpho-ri-naphth1.ai6) ben'zeii-'ear'sonic

acid.-. 0.2J'queous!

Methylene 'Blue: 0O.0l257. aqueous

Sulfuikic acid: 0M.NStandardized -

Hydrogen-kerxide:- 30%. ~.-.

5 ArrAL d f; A' -. ''.

Microtitration disebby Isid-mpse.. ofte foldxowig

(1) 5or 10 mnl burette. gfaduAtea in 0Yi I fl nhiV41 ihich can

lbe read- accurately, to 0.005 kinj'

,(2), Magnetic stirer. -

__-(3) 100 ml -beakers- and, tef lon -dtirj~4r i:s;

Kj-r
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DETERMINATION OF BLANK VALUES

In the combustion of the organic compounds ~In An oxygen flask,

according ito the procedures o.f, Sch'6niger,., it; has been 'found:,that a _Very,

Ismall'-amnount of -sulfate ion is-.produced -from the, ashless filter pgp ;..

Iin addition- 'a small quantity, of the #ttran.L, Ba,(C104 )2 ,, Is consumed In

the 'r~eaction wuith, 'the thorin, indicato~r to produce -the color change, .-

(yellow -to pink-),, uxsed 'As, a;'criteion of the, equivalence *point. A'blank.

value, therefore, maust be taken which Includes the indicator blanak andh

-blank which comes from the combustion pf the,organic sample holder. This

blank value, when subtracted from-the apparent volume o~f barium PerdhlotateI
used in a titration, will give, a true volume of-titrant necessary to

titrate 'the- sulfur -content ,of the orai compoqund, in- q*esrion. At least

two blanks should be run along with every -batch o~~smlsihc'aeto be-

analyzed. Iicluded 'below, is A series of blink- valiei,,o15tainid in

4" ~evaluating the blank.'wiih proeue for..theieprimet.

-'1. Titrate -10 mli distilled waiter, 40 ml of isiopropylalcohol,

drops- "Thorih!" (0;2% aqueousg) and '2 drops of -methylene blue

.(0.0125% aqiueous) with 0.01 1N barium, perchlorate. -

- a)_O'O3O, ml B, 1 4 2 ueOb4m.Ba(C104)2 used.-.'

d)- 0.035 ml-Ba(C104)2 used '

2'. Titrate same -solution as abovre,'but add,3 drops 30%7-,hyqkogen,,pdroxide.

a) 0.034 ml BaC104)2 used 1
b) 0.035 ml Ba(C10 4)2 Us06

' b) 0.035 ml -Ba(C104)2 used

d)Y 0M37, ml Ba(C10 4 ) 2 , Used'-'

2

4 .2



3. Combust Schoniger sample hol4er -(ashless filter paper fa)wt

10 ml water, 3 drops 307. hydrogen peroxide. Transfer resulting,

soluton with 40 ml isop;opyl alcohol, add indicator and titrate

with baiium perchiorate (MION).

a) 0.060,ml 1:!(C100)2 usbd,

tY~b), 0.'050 ml Bit(C104)2,used,

6) 0.50,ml Ba (C 104),2 used

d) 0.050 ml Ba(C10 4 )2 used

The third series of vailues ihdiceites -a small quantity of sulfate; ion,

-e is present in the Sch'6niger, flask and should be taken into consideration.

STANDARDIZATION OF 0.01 -MOLAR BARIUM FERCHLORATE SOLUJTION

'An approximkite00MBaC0) salution is prepared by dissolving

3.3627 grams-of anhdrous Ba(C104)2 -tin 200-ml of distilled-water in a one

liter volumetric flask. Add isopropy. alcohol nearly to the mark and

-~add, dropwise, p6rchloz'c acid until pklis between 2.5-4,.0. Check p11by

taking small aliquotes and using regular laboratory p11 meter. Then

dilute to mark with isopropyl alcohol. Standardize against 0.01 N sulfuric

acid as given-below.

-To a '100 nit -beaker add 5 mli of 0.01 N 112S%4 and 5 ml of water.- Add

40 ml ofC P. isopropyl alcohol. Add 3drops of Thorin-and 2 drops of

methylene blue to give a greenish-yellow-soluitioi. - Titrate with 0.01- M Jr

-The color change is very sharp but the 'ticration should ,be performed- slowly

C- ~~near the end-.point and with -rapid st-irring. ---

Calculations:

Reaction - Ba(Cl04 )g, + 112S0O.4 BaSO4 + 2H1C10 4

3



At equivalence point: Holes H2S04  Moles Ba(C104),2

Moles -VH2 SO4 (ltr'=MB(l 4 2 Moles Va00) ie
Lite04 r 1000 T0 W

Where:
~2~~4' olarity of H150

MBa(C104)2  M Yolaritylof Ba(CIO4 ),,

VHS4 Volume of H SO4 , (aliquot) ml taken

Vjta(C104)2 =Volume ,(ml) of Ba(C10 4 )2 ;used, in titration

C, ** ~M(co) 1 2 4 Ba(Cl04)2 Mu20
'V112S0 4 )'

Typical standardi?,ation values are suriMaizled below. A standardA

solution of k12SO4 i= 0.06402 1H.

Aliquot of .12S04 used Volume7Ba(C1)4)2  Holarity Ba(Cl04)2  O

$ml 3l!4§2 Q .0'09243

5 ml 3.461 0.009246

5L'3 44%Y 0.009248,-

51 pml 3.463 0.0 09240

5 ml 3'.460 0.009248 }
Average 5 ml Average 3.0457 Average ,0.009256A

Note: This standdrdi:ation procedure should be performed with the

_-jutmost care in view of the dependenice of all subsequent sulfur

-' 
-2' d

SELECTION OF SAMIPLE SIZE

In -the determination, of the joIfux -qontent -of an organi__cwopUnd,

containing, organic sqlfur,p hb~se~etion of the sample site, is -4e so its

t4 minimizei insofar, as is- possible,. -thi varioUq' errofrs ,that are',iti-olvd

4 *



in the d~etermination. The major aim is to adjust the volusme of titrant

consumed so that it is relatively large compared with the errtors associated

wihend-point determination and bureLte reading. If the volume of titra3t

consumed in~ 5.00 ml., then an error of 0.05 ml in the end-point evaluation

and burette reading is fouud. This leads to ah error of 1% in th 'e percent

sulfur. An error of 0.05 ml is regarded as considerably greater than one

should encounter ir-.end-point evaluation or bur, tte reading. Consid er the

following' equation:I ~ ~() %. sulfur = 5 8 3.6 .,x 100 -- ,

1000 -4t. samp'e'(g.)

-where: =Molarity 'of barium peirchlokAte solrtion

Vs -Volume ,(ml.) of barium perchlcrate solution,

3i. 066 - Atoiiic weight of 1suf f

ubftitute,,the following values into. Equationi (I)t 'Ns 6 01;

Vk 4.50 ml.; and solve for the weight of -the isample.-

(fl) -0.144,

weight of sample (grams) - slu

or

(iii) wei'ht of sample (mgs.)=14
7sulfur

IEquation .(111) provides a very simpile means f#,r selecting, saple size

provided some idea of the magnitude of the sulfur content is a Ia4aleo

-- In some-catses,, due to -insuf ficiencyV of a&Wpe, it ='y Aot be possible to

select tht- bfze of the isAnple 'bythe aboveixcondidekatlons. In such cdases,

it would be well to utilize-as large a sample-as-can be odbtained,,8ho,;t of

othe above criterion.

PRWCEWMRE

(1) Solid samples are weigheci accurately on2 an appropriate micrichemi'nal
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balance in a closed charging )tube.. Liquid samples are weighe3t in,-a'sea'.

capillary tube and the samples are transferred -to an ashless Sch6niger

combusti'on paper and combasted according to the procedures outlined by,

Schi~higer.

(2) To a 500'.rnl. cofabustion flask add 10 ml. di*dtilled water and

-drops~of 30% hydrogen peroxide.

(3) Te 'gdfp- es ate combusted. and, allowed to remain untouched antil

no further vapors are observed in the 'f tasks. As a precaution against

leekhg6, a- small volume of isopropyl. alcohol, -may be added tc- the #p- of

'the flasks.,

(4) Transfer the com1bustion products to a 100-ml' beaker with isopropyl

alcohol keeping, the total volume .at 50O ml..

(5), One should check. 'the apparent p4 of the solution. to be titrated

to inse a p11 of 2.5-4.0. The pH1 adjustments should be made with 0.01 N

perchloric acid or.01 NH4OH.

5'(6) Add. 3 drops of thorin ~and 2. drops of methylene 'blue.

(7) 'titrate -to, the first color change. wthf 0.01 M, bafl'um perchlorate.

Caculationis of. experiftentel irbults-~

Ailhble, data:-'' '
- (1) 4 bfoa~ityof bar2um pprdh~or~e -

2 V- - Volum of bariun.p ehloratd. used in

titration,

% Sulfur It V x 32.-066- -r

'S~mpe Weitht

6,
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ThBRFERENCES,

Several authors have reported no interference from-chl'oride, bromide,

iodide, nitrate crphosphate ions after combustion in the Sch~niger flaski

4 ~but f loride -must be masked, with some agent to prevent itntergqtence.

A-. m. G. McDonald .(Reference 2.) recomaiends the use of 'boric acid,,Ahle

several other authors-(Referenc& 2.)-use Aluminum, and-irons

Hydrogen peroxide added to cohvert all sulfur to the SO4 form nedct

40

~~. 'PRECISION AND ACCURACY OF THE'SULFATEMDTEMINATION.

An evaluation -of the, precision and .acv uratcy of 'the determination of

silfur by the barium perchlorate-thorfin indicator method has been made.,

'In Table I are listed a~ zeries of resulMs~obtained for cystine, a, National

Bureau of-Standards certified dtandard,, and: chloropropaniide, a-'Quality

Control working standard.

A The precisibn and acdcuracy data are summarized' below:

Compound " .Sulfur f~ound 7.Sulfur, Theoty
(Avdragt- Value 'Y r.96, *_Std'. 'Deviation)'

Cystine' 26.74,± 0,.27%. 26.69

Chloto ropamide 11.79 ± 0.;14. %.1.9,

0 T



TADLE I. SULI-UR DETERNINALTI'dOF CYST=N Ab~ '.CIL0ROPR0PAMDE

A.Cyatinie
Source:' National bureau of-Standardb

% Z ulfur, DeidtionFimn Aveird- -foiaioi) 2 '

026.65 -i09 .0081
26.66' A.8 ~64-"

26.86 +.:12, r , ~ 1 4

26.80 +~6.0036

26.85 +.11.02
Average ,Vikue: 26,J Total .11

0199.0
6,

0 -. Average.Value=26.74 1.06 x 0z.14 -

.6ource Quality Control Standard

% Sul~fUr Deviation rFromi Average (Dvationi) 2

1181+i0Z -. 0604

011.89, +.I0.0

'11.70 -. 9 0081 '

11.84+405) 0 v"'

j 1.7-.02- .0064

~ '-AverAge-Value: 11.79 total -0279

SAverage, Value F- 1L179 ±1,96 x 6.07

11.179f- 0.714

&Th~eory- 11.591-

8
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